1. Introduction
===============

Uric acid is the final enzymatic product of purine metabolism and it has the ability to scavenge oxygen radicals and protect the erythrocyte membrane from lipid oxidation.^\[[@R1]\]^ However, elevated serum uric acid (hyperuricemia) is associated with significantly increased risk for gout, cardiovascular disease, chronic kidney disease (CKD), and type 2 diabetes mellitus. Hyperuricemia has received increasing attention as a major public health problem in China because of its high prevalence and the associated increases in the risk of gout, hypertension, cardiovascular disease and CKD.^\[[@R2]--[@R5]\]^ What is more, hyperuricemia also plays an important role in metabolic related diseases, such as metabolic syndrome, diabetes and non-alcoholic fatty liver disease (NAFLD).^\[[@R6],[@R7]\]^

The prevalence of hyperuricemia varies across different populations and different areas. In the first decades of 21st century, an epidemiological survey estimates approximately 43.3 million US adults (21.4%) met criteria for hyperuricemia.^\[[@R8]\]^ A cross-sectional reported that the prevalence of hyperuricemia among Chinese adults was 8.4%,^\[[@R9]\]^ and a meta-analysis indicated the pooled prevalence of hyperuricemia was 13.3% in China.^\[[@R10]\]^

To better understanding of which individuals are at risk of developing hyperuricemia is crucial. Nowadays, more and more research focuses on the risk factors of hyperuricemia. Peng et al found that, low-density lipoprotein cholesterol (LDL-C), triglycerides (TGs), total cholesterol, apolipoprotein-B levels, ratio of TGs to high-density lipoprotein cholesterol (HDL-C) were strongly associated with serum uric acid levels, whereas serum HDL-C levels were significantly inversely associated.^\[[@R11]\]^ A study from US reported that individuals with uncontrolled blood pressure and additional cardiovascular disease risk factors demonstrated a 4-fold or greater prevalence of hyperuricemia.^\[[@R12]\]^ Another study also showed that higher blood hematocrit was independently associated with the incidence of hyperuricemia.^\[[@R13]\]^ However, most of these studies were cross-sectional in nature and thus could not address the cause-effect relationship between the variables and hyperuricemia. Moreover, some prospective studies related to hyperuricemia did not assess the relationship between the changes in variables and incident hyperuricemia.

In this study, we conducted a cross-sectional and prospective study in a Chinese population to find the risk factors for hyperuricemia and to explore the relationship between changes in variables and incident hyperuricemia.

2. Methods
==========

2.1. Study population
---------------------

We conducted a cross-sectional and subsequently prospective study among adults who took their health checkups at Zhejiang University Hospital. At baseline, all the participants who took their annual health checkups in 2011 were screened for enrollment. Those with missing data on serum uric acid or other variables, or those with a history of malignancy were excluded. A total of 9238 participants (5258 men and 3980 women) were qualified for the cross-sectional study. The participants who were free of hyperuricemia at baseline were followed up annually.

2.2. Baseline evaluations
-------------------------

Baseline examinations were performed according to previously described procedures. We collected the standing height, body weight, and blood pressure for all participants. Height and weight were measured while participants were wearing light clothing without shoes. Body mass index (BMI) (kg/m^2^) is calculated as the body weight (kg) divided by the standing height (m) squared. Blood pressure was measured using a standard protocol.

Fasting serum samples were obtained for the analysis of biochemical values. The values were measured by an Hitachi 7180 auto-analyzer (Hitachi, Tokyo, Japan) using standard methods. Hyperuricemia was defined as serum uric acid levels \>420 μmol/L in men and \>360 μmol/L in women, and/or taking medication for hyperuricemia.

Fatty liver was diagnosed by abdominal ultrasound examination. Trained ultrasonographists performed abdominal ultrasound examinations with a Sonoline G60S ultrasound system with a 3.5-MHz probe (Siemens, Erlangen, Germany). The ultrasonographists were blinded to the study design and the clinical data. The criteria for ultrasonic diagnosis of fatty liver were based on those suggested by the Chinese Liver Disease Association.

2.3. Follow-up evaluations
--------------------------

To identify incident cases of hyperuricemia during the follow-up period, the subjects who were free of hyperuricemia at baseline received annual follow-up examinations during a 6-year period. The method used for the measurement of serum uric acid and the definition of hyperuricemia was the same as that used at baseline. Incident hyperuricemia was identified if serum uric acid levels higher than the threshold (\>420 μmol/L in men and \>360 μmol/L in women) were detected at any of the follow-up examinations. The follow-up time was calculated as the difference between baseline and the examination when incident hypertension was first identified. For participants who did not develop hyperuricemia, the follow-up time was censored at the last known follow-up examination.

2.4. Ethics
-----------

All participants were verbally informed about the study\'s aim and procedures, and voluntarily consented to participate. The subject information was anonymized at collection and prior to analysis. All methods were performed in accordance with the approved guidelines. The study gained approval of the Ethics Committee of Zhejiang University Hospital.

2.5. Statistical analysis
-------------------------

The statistical analyses were performed using SPSS 18.0 (SPSS, Chicago, IL). Continuous variables were presented as medians and interquartile range. They were compared by Student\'s *t* test or Mann--Whitney *U* test, one-way ANOVA with post hoc Tukey\'s test, or Kruskal--Wallis test with Bonferroni correction as appropriate. Categorical variables were compared using the *χ*^2^ test. Cochran--Armitage trend test was used to show the trend of the prevalence. A stepwise logistic regression analysis was performed to examine the relationship between hyperuricemia and anthropometric or biochemical variables (probability to enter = .05 and probability to remove = .10). Cox proportional hazards regression analyses were applied to calculate the risks for incident hyperuricemia. Backward stepwise regression was used in multivariate Cox proportional hazards regression analyses (probability to enter = .05 and probability to remove = .10). A *P* value \<.05 (two-tailed) was considered to be statistically significant.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

A total of 9238 participants with a median age of 49.0 were included in this study, 5258 were male and 3980 were female. Of the 9238 participants enrolled, 1704 (18.4%) were diagnosed as hyperuricemia. The characteristics of participants according to baseline hyperuricemia status are presented in Table [1](#T1){ref-type="table"}. The participants with hyperuricemia had greater BMI, higher systolic and diastolic blood pressure, fasting plasma glucose (FPG), and worse lipid profiles compared with those without hyperuricemia. Moreover, there were significant differences in alanine aminotransferase (ALT), blood urea nitrogen (BUN), creatinine, total bilirubin between the two groups.

###### 

Characteristics of participants according to their baseline hyperuricemia status.
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The prevalence of hyperuricemia was almost the same in different age groups in male, while the prevalence of hyperuricemia increased in female older than 50 year (Fig. [1](#F1){ref-type="fig"}). We analyzed the risk factors of hyperuricemia by stepwise logistic regression analysis. The multivariable model showed that BMI, SBP, FPG, TGs, LDL-C, ALT, BUN, and creatinine were associated with risk for hyperuricemia (Table [2](#T2){ref-type="table"}). Whether suffering from fatty liver were also associated with risk for hyperuricemia.
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###### 

Stepwise logistic regression analysis of hyperuricemia with anthropometric and biochemical variables.
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3.2. Follow-up outcomes
-----------------------

A total of 7534 participants (3986 male and 3548 female) without hyperuricemia were enrolled at baseline of the 6-year follow up. During 21,757 person-years of follow-up, 1492 incident hyperuricemia cases were identified. The incidence of hyperuricemia was 68.58 cases per 1000 person-year of follow-up in the overall participants. The participants who developed hyperuricemia had higher baseline than those who did not in terms of gender, blood pressure, BMI, FPG, TG, total cholesterol (TC), LDL-C, ALT, BUN, creatinine, and lower baseline levels of HDL-C (Table [3](#T3){ref-type="table"}).

###### 

Comparison of baseline characteristics of participates according to follow-up outcomes.
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The incidence of hyperuricemia decreased in male older than 60 years, while the incidence of hyperuricemia in female increased with age (Fig. [2](#F2){ref-type="fig"}). Cox proportional hazards regression analyses were applied to explore the risk factors of incident hyperuricemia. The multivariable model showed that gender, BMI, systolic blood pressure (SBP), TG, TC, LDL-C, BUN, and creatinine were associated with risk factors of incident hyperuricemia. Besides, participates who had fatty liver at baseline were more likely to develop hyperuricemia (Table [4](#T4){ref-type="table"}).
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###### 

Univariate and multivariate Cox proportional hazards regression analyses for the population.
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3.3. Changes of variables and risk for incident hyperuricemia
-------------------------------------------------------------

We next assessed the changes of the variables mentioned above and the risk for incident hyperuricemia. By univariate analysis, incident hyperuricemia was associated with increasing diastolic blood pressure (DBP), TG, ALT, BUN, creatinine, and decreasing SBP and HDL-C. By multivariate analysis, increasing DBP, TG, BUN, creatinine, and decreasing HDL-C remained as independent factors associated with incident hyperuricemia (Table [5](#T5){ref-type="table"}).

###### 

Factors associated with incident hyperuricemia.
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4. Discussion
=============

In this study, we confirmed that gender, BMI, SBP, TG, TC, LDL-C, BUN, and creatinine were associated with risk factors of incident hyperuricemia. Moreover, we provided evidence that increasing DBP, TG, BUN, creatinine, and decreasing HDL-C level also independently associated with incident hyperuricemia.

Previous meta-analysis showed that the prevalence of hyperuricemia in China was about 13.3%.^\[[@R10]\]^ Zhang et al also reported that the incidence of hyperuricemia was 22.4 per 1000 in a 3-year prospective study.^\[[@R14]\]^ Besides, a long-term research found that the incidence of hyperuricemia was 43.6 per 1000 person-year.^\[[@R13]\]^ In this cross-sectional study, we observed that the prevalence of hyperuricemia in this population was 18.4%, and in the prospective study, the incidence of hyperuricemia was 68.58 cases per 1000 person-year. Epidemiological surveys showed that hyperuricemia is quite prevalent in areas with high gross domestic product levels in China.^\[[@R9]\]^ The differences in prevalence and incidence of hyperuricemia may be attributed to the rapidly developing economy in Hangzhou. It is worth noting that with the acceleration of China\'s economic development, the prevalence and incidence of hyperuricemia may increase further.

In this study, we observed that the prevalence and the incidence of hyperuricemia increased greatly in female more than 50 years old. This phenomenon was also found in other studies.^\[[@R15],[@R16]\]^ This is primarily attributable to sex hormone effects on renal urate transport. It has been reported that estrogen plays a role in renal clearance, secretion and reabsorption thus affect SUA levels.^\[[@R17]\]^ Young adult women have lower serum urate levels than young adult men, but the onset of menopause is associated with increased serum urate levels.^\[[@R18]\]^

Several cross-sectional studies have showed that lipid profiles are closely related to hyperuricemia.^\[[@R11],[@R19],[@R20]\]^ Some drugs used to treat dyslipidemia like fenofibrate were effective in reducing serum concentration of uric acid.^\[[@R21]\]^ Our study suggested that the changes in lipid profiles were independent factors associated with incident hyperuricemia, this results further demonstrated that dyslipidemia could cause hyperuricemia, especially TG and HDL-C. Our study is consistent with previous studies that NAFLD was strongly associated with subsequent development of hyperuricemia.^\[[@R7],[@R22]\]^ Some prospective studies also indicated that serum uric acid levels independently predicted increased risk for incident NAFLD.^\[[@R23],[@R24]\]^ These evidences showed that NAFLD and hyperuricemia could cause and worsen each other and result in a more deteriorated metabolic status.

Treatment of asymptomatic hyperuricemia has been found to improve health outcomes in patients. It is reported that treating asymptomatic hyperuricemia is s most effective in preventing vascular events in a serum urate above 7.0 mg/dL in men and 5.0 mg/dL in women.^\[[@R25]\]^ Our findings may help guide clinical decision-making to help identify which patients are at highest risk of developing hyperuricemia based on patient characteristics.

Several limitations were acknowledged in this study. First, dietary and lifestyle information was not collected, although dietary intake could be a cofactor associated with hyperuricemia. Some studies have showed that fructose-enriched food and drink could increase serum UA levels.^\[[@R26]\]^ While high tea intake and consuming midnight snack rarely are significantly related to decreased risk of hyperuricemia.^\[[@R27]\]^ Meanwhile, we did not assess the changes in variables and disease outcomes in individuals after treatment for hyperuricemia, future research should establish the clinical effectiveness of predicting and treating incident hyperuricemia to prevent the onset of adverse outcomes.

In conclusion, our study found that the change of DBP, serum TG, BUN, creatinine, and HDL-C level were independently associated with incident hyperuricemia. This finding may help identify which patients are at highest risk of developing hyperuricemia. Clinicians should pay attention to the changes of these indicators to reduce the incidence of hyperuricemia.
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